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Pedepar:

1. Y nuceprauiiiziil pob0Ti IPeICTaBIe€HO KOMIIJIEKCHE TOCTIiI)KEHHS! €JIEKTPOHHOI €HepreTUYHOI CTPYKTYPH Ta
NIOB'13aHUX 3 HElo pajialiiiHo- i GOTOCTUMYJIbOBAHUX MTPOLIECIB Y MIMPOKOMY KJlaci CUMHTUJISILIHMX MaTepiaiB Ha
OCHOBI I1epoBCKiTiB. Po60Ta 0X0Is110€ BUBYEHHS HeopraHiyHux kpucranis CsoMClo (M = Hf, Zr), CsPbXo (X = Cl, Br, I)
Ta OpraHiYHO-HEOPraHiYHUX [1IEPOBCKITIB i3 3aranbHOI0 popmysor MAPbXa (X = Cl, Br, I). locaimkeHHs
KpUCTaiYHOi CTPYKTypu HeopraHiuHux neposckitiB CsoHfClo i CsoZrClo nokasaino, mo 061Ba nepoBCKiTU MAKOTh
Ky6iyHy cumetpito (Fm3m), sika 36epiraeTbcs y MpoKoMy fianasoni Temneparyp (9-300 K) 6e3 cTpyKTypHUX
¢dazoBux nepexomnis. BcranoBneHo, mo cBitaoBuil Buxin CsoHfClo ctanoButs 24800 ¢oToniB/MeB, a nnst CsoZrClo -
33900 ¢dortoniB/MeB. Brnepiie BusBIEHO €pEKT HEraTUBHOTO TEPMiIYHOTO TaCiHHS CLUMHTUIISALIITHOTO
BUINPOMIHIOBaHHS B 3raJlaHUX BUILE KPUCTAJIAX, IKUM IIPOSBJISIETLCS Y IIOMITHOMY 3pOCTaHHI IHTEHCUBHOCTI

CUMHTWISLIMHUX iIMITyJIbCIB y Aiana3oHi remnepatyp 125-150 K. BumipioBaHHS KpUBUX 3aracaHHs CLUHTUIISLLI



BUSIBUJIM CKJIaIHY HEEKCIIOHEHIiaIbHY KiHETUKY, 3yMOBJIEHY YIIOBiIJIbHEHMMH MTPOLecaMu peKoMbiHalii. MeTogamu
KOMITIOTEPHOTO MOJIe/IIOBaHHS IIPOBEIEHO KOMILJIEKCHE JOCJIiIKEHHS KPUCTaTiYHOi CTPYKTYPH, €J1eKTPOHHOI
Oy[l0BU Ta ONTMYHUX BacTuBocTel neposckiTiB CsPbBro i CHoNHoPbBro Bukonanux y pamkax Teopii GyHKIioHana
ryctunu (DFT). BctanoBieHO, 10 Li MaTepiaay MaloTh TPU TEMIIEPATYPHO 3aJI€XKH] (pa3u: KyOiuHy, TETParoHalbHy
Ta opTOpoM6iuHy. [IporemoHCTpOBaHO eeKTUBHICTh BUKoprcTtaHHs Metony GGA-PBEsol+U nys onucy
€JIEKTPOHHOT'O CIIEKTPA Ta y3rOIPKEHHS 3 JaHMMU €KCIIEPMMEHTY, 30KpeMa aHali3 CIIEKTPY X-IIPOMEHEBOI
JIIOMiHECLeHLIii 10Ka3aB JOOpe y3roIpKeHHS €Heprii eKCUTOHHOTO IIiKa, 110 criocTtepirascs Huxk4de 70 K. AHanis
[IOBHUX i NapliaJbHUX TYCTUH €JIEKTPOHHUX CTaHIB 3aCBiIYMB, MO YCIM TPbOM KPUCTAJIIYHUM (a3am
IOCJIiIKYBaHUX [1€POBCKITIB IPUTaMaHHU MTOAI6HMI PO3MOAiJ eHeprii BJlacHUX CTaHiB. JOoCaiIpKeHHs] ONITUYHUX
BJIACTMBOCTE! [IePOBCKITIB NinTBepansio Bucokuit noreHyian CsPbBro i CHoNHoPbBro 151 3actocyBaHHS y
ONTOEJIEKTPOHHUX NPUCTPOSIX, COHSYHUX €JIEMEHTAX Ta CBITJIONIOAAX y IIMPOKOMY TEMIIEPATYPHOMY Jiana3oHi. Ha
OCHOBI OTPMMaHMX PE3YJIbTaTiB BU3HAYEHO MOJKJIMBICTh 3aCTOCYBAaHHS LIMX MaTepiasliB K 4yTIUBUX €JIEMEHTIB B
ePeKTUBHUX JeTeKTOpaxX BUIIPOMiHIOBaHHS. 3a JOIIOMOI00 PO3PaxXyHKIB 3 epIINX MPUHLUIIIB O0yJI0 LOCIiIKEeHO
€JIEKTPOHHY €HepreTu4yHy cTpykTypy MAPDbClo Ta inTepnpeToBaHO OCHOBHI OCOGJIMBOCTI 10T0 CIIEKTPIB BifiOMBaHHS
y LIMPOKOMY €HEPreTUYHOMY Jiarna3soHi Big 3 1o 10 eB. BugasieHo 4iTKi Miky, gKi BilllOBiTal0Th EKCUTOHHUM
nepexonam npu 3,22 eB Ta 3,94 eB o613y Kpaio NOrJIMHAHHS Ta LOJATKOBI ONTHYHI Iepexoiy IIPU BUILUX
€HEPridx, 0 BKa3dye Ha CKJIAJIHY €JIEKTPOHHY CTPYKTYPY Marepiany. TakoxX JOCIiIKEHO TEMIIEPATYPHY 3aJIE>KHICTh
IVHaMiKU pafialiiiiHOro po3snajy €KCUTOHIB IIPU 30yIK€HHI BUCOKOEHEPTreTUYHUM BUIIPOMIHIOBAHHSIM.
BpaxoByo4u CKIaJHUI XapakTep OTPUMaHUX CIIEKTPIB 33 HU3bKUX TEMIIEPATYP, [JIs iXHbOI TOYHOI iHTEpIIpeTalii
IOATKOBO BUMIpsIHO criekTpu doTtomominecuentii. Kpucranu MAPDCI3 3a kpioreHHUX TemiiepaTyp NpOsBIISIIOTh
HAJ3BUYAMHO IIBUJKE HEEKCIIOHEHIlilHe 3aracanHsl (<1 He). Jlocii>keHHs TeMIIepaTypHOi 3aJ1€XKHOCTI
JIIOMiHECLeH1ii Ta KiIHeTUKY ii 3araca’Hs Npu 30ypKeHHi X-BUIIPOMiHIOBaHHSIM [TOKA3aJlo, 0 32 HU3bKUX
temnepatyp CsPbClo neMoHCTpye iHTEHCUBHY BY3bKy CMYTy eMmicii mpu 420 HM 3 Ay’Ke MBUIKUM 3aracaHHsam. Yacu
3aracaHHs npu remiepartypi 10 K craHoBnaTs BignosigHo 0,1 He, 1 He Ta 11 He, a CBITJIOBUM BUXiJ, CUAHTUIISALIN 1715
CsPbClo cranoBuTb 19000+2000 ¢dortoniB/MeB. CuuntumnsauiiiHa epexrtusHicTs CsPbCl3 3anumaeTscs IpU6IU3HO
CTaJION [I71s1 TEeMIIepaTyp, Hk4ux 3a 50 K, a gani 3HWXKyeTbCs IPU HArpiBaHHi. 3aBASKY HU3bKIiN aMILTITY ]
noBinbHOro KomnoHeHTa, CsPbClo neMoHCTpye HaI3BUYAHO MIBUIKY peakliiio Ha 30y KeHHS, 1110 POOUTD Lieil
Marepias NePCIEeKTUBHUM [J1s1 BAKOPUCTAHHS Y IIBUIKOMI0UMX CUUHTUJIALIMHUX IEeTEKTOPax KPiOreHHUX
Temneparyp. [IpogeMoHCTpOBaHO, 10 BHACILOK ONIPOMiHEHHS 3pa3Ka iHTEHCUBHUM YJIbTPa(ios€TOBUM CBITJIOM
moHokpucTtas CHoNHoPbIo nepexonuTs 3 BUXiIHOIO aHTHCETHETOeJIEKTPUYHOTO CTaHy Y CErHETOeJIEKTPUYHNU,
IIPUYOMY BesIMurHA (POTOBIATYKY CYTTEBO 3aJI€KUTh BiJl TPUBAJIOCTI IIONIEPEIHbOrO OIIPOMiHIOBaHHS 3pas3ka YO
CBITJIOM, @ BIIUB 3MiHM iHTEHCUBHOCTi TaKOrO BUIIPOMiHIOBaHHSI HE3HAYHUI. 3aBISKU IbOMY Y HbOMY MOXKHA
peanisyBaTu 06'eMHUI (OTOBOJIbTAIUHNI €(EKT, XapaKTePHUI /17151 CETHETOeNIEKTPUKiB. OTpuMaHi y po6oTi
3aJIeXXHOCTi (POTOHAIIPYTH Bifl, cTaHy MoJsipu3allii 3paska CBigyaTh PO HOro 3HaYHUI BHECOK Y CyMapHUM
doroBiaryk. TeopeTuuHO MakcUMasbHe 3Ha4Y€HHS KoedillieHTa IepeTBOPEHHS €HEPrii B TAKOMY BUIIAAKY
BUSIBUJIOCh OJHMM i3 HallBMIIKX C€Pel, MOHOKPUCTAJIB LIbOTO KJIacy PepoikiB. B pobOTi TakoX 3aIIpPONIOHOBaHI
MO>KJIMBI MIJISIXY TiJIBUIIEHHS €(PEKTUBHOCTI IEPETBOPEHHS €HEPril y NOTEHLITHMX COHAYHUX €JIEeMEHTaX,

CTBOPEHMX Ha OCHOBI TaKMX MaTepiaJis.

2. In this thesis, a comprehensive investigation of the electronic energy structure and associated radiation- and
photostimulated processes in a wide class of perovskite-based scintillation materials is presented. The research
encompasses the study of inorganic crystals CsuMClo (M = Hf, Zr), CsPbXn (X = Cl, Br, I), as well as organic-inorganic
perovskites with the general formula MAPbXn (X = Cl, Br, I). The crystal structure of inorganic perovskites CsoHfClo
and CsoZrClo was studied. It was found that both compounds possess cubic symmetry (space group Fm3m), which
remains stable over a wide temperature range (9-300 K) without structural phase transitions. The scintillation

light yield of CsoHfClo was determined to be 24800 photons/MeV and 33900 photons/MeV for CsoZrClo. For the first
time, the effect of negative thermal quenching of scintillation emission was observed in the aforementioned

crystals, manifested as a significant increase in the scintillation pulse intensity within the temperature range of
125-150 K. Measurements of scintillation decay curves revealed complex non-exponential kinetics due to delayed



recombination processes. A comprehensive study of the crystal structure, electronic structure and optical
properties of CsPbBro and CHoNHoPbBro perovskites was carried out using computer modeling based on the first-
principles calculations within the density functional theory (DFT). It was established that these materials exhibit
three temperature-dependent phases: cubic, tetragonal and orthorhombic. The effectiveness of the GGA-
PBEsol+U approach in accurately describing the electronic structure and achieving good agreement with
experimental data has been demonstrated. In particular, the analysis of X-ray luminescence spectra showed good
agreement of the excitonic peak energy observed below 70 K. The total and partial density of states analyses
indicated that all three crystalline phases of the studied perovskites exhibit a similar distribution of the electronic
states The investigation of optical properties confirmed the high potential of CsPbBro and CHoNHoPbBro for
applications in optoelectronic devices, solar cells, and LEDs across a wide temperature range. On the basis of the
obtained results, these materials are considered as promising candidates for use as sensitive elements in the high-
efficiency radiation detectors. First-principles calculations were conducted to study the electronic energy
structure of MAPbClno and the primary features of its reflectivity spectra were interpreted within the broad energy
range from 3 to 10 eV. The clear peaks corresponding to the excitonic transitions around 3.22 eV and 3.94 eV near
the absorption edge, along with additional optical transitions at higher energies, were identified, indicating a
complex electronic structure of the material. Additionally, the temperature dependence of the radiative decay
dynamics of excitons under high-energy excitation was investigated. Taking into account the complex nature of
the obtained spectra at low temperatures, the photoluminescence spectra were additionally measured for a more
accurate interpretation. At cryogenic temperatures MAPbClo crystals exhibited extremely fast non-exponential
decay (<1 ns). Temperature-dependent studies of luminescence and its decay kinetics under X-ray excitation
revealed that CsPbClo shows an intense narrow-band emission at 420 nm with a very fast decay at low
temperatures. The decay times at 10 K were measured to be 0.1 ns, 1 ns and 11 ns, respectively, and the scintillation
light yield of CsPbClo was determined to be 19000+2000 photons/MeV. The scintillation efficiency remains nearly
constant below 50 K and decreases upon heating. Due to the low amplitude of the slow component, CsPbClo
demonstrates an exceptionally fast response to excitation, making it a promising material for use in the fast
scintillation detectors operating at cryogenic temperatures. This study demonstrated that upon illumination with
intense ultraviolet light, CHoNHoPbIo single crystals undergo the transition from their pristine antiferroelectric state
to a ferroelectric one, with the magnitude of the photoresponse significantly depending on the duration of prior
UV exposure, while the effect of varying the intensity of such irradiation is negligible. Consequently, the bulk
photovoltaic effect, typical for ferroelectrics, would be realized. The photovoltage values obtained in this study,
related to the polarization state of the sample, indicate its substantial contribution. The theoretically maximal
power conversion efficiency achieved was found to be among the highest reported for the single crystals of this
ferroic class. The study also proposes potential pathways to enhance energy conversion efficiency in prospective
solar cells based on such materials.
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